Winter precipitation over South China tended to be much higher than normal for the spring El Niño events during 1979-2016. For the spring El Niño events, the meridional and zonal circulations served as a bridge, linking the warmer sea surface temperature (SST) in the eastern equatorial Pacific (EEP) and South China winter precipitation. This possible physical process can be described as follows: During boreal winter, a positive SST anomaly in the EEP was concurrent with strong anomalous convection activity over South China via anomalous Walker circulation, an anomalous Hadley Cell along 110 • -130 • E, and a zonal westward teleconnection wave train pattern at 700 hPa in the Northern Hemisphere. In addition, an anomalous pumping effect at 200 hPa contributed to the convective activity. Meanwhile, the western Pacific subtropical high moved southwards and strengthened at 500 hPa, and abnormal southwesterly winds brought plentiful water vapor to South China at 850 hPa. All these factors favored an increase in precipitation over South China. For the summer El Niño events, the aforementioned anomalies were weaker, which resulted in a precipitation close to normal over South China.
Introduction
The monsoon is one of the most active atmospheric circulation systems in the Northern Hemisphere, and is the main factor affecting the weather and climate in China. Most previous studies have focused on summer precipitation in China because of its large impacts in terms of flooding and drought. In contrast, winter rainfall attracts less attention, despite extreme winter rainfall being capable of causing severe disasters [1] . For example, in winter 2015, the average precipitation over South China (Guangdong, Guangxi and Hainan provinces) created a new historical maximum and caused floods, which was more than 1.6 times that of a normal year [2] . Drought in South China is frequent in winter. For example, more than 98.9 million ha of crops were destroyed, and people as well as livestock suffered shortages of drinking water, because of the persistent severe drought in the region peaking in winter 2011 [3] . South China is a densely populated region of the country, which means that anomalous precipitation in winter has a substantial and tangible socioeconomic impact from a variety of perspectives. Thus, understanding the causes, and improving the forecasting capabilities of South China winter precipitation will be highly beneficial in these respects.
The high variability of South China winter-precipitation is attributed to multiple factors. First, the sea surface temperature (SST) anomalies over the tropical and mid-latitude oceans have been documented to have close linkages with South China winter precipitation. For example, El Niño-Southern Oscillation (ENSO) has strong impacts [1, 2, [4] [5] [6] [7] [8] [9] ; the Indian Ocean Dipole [10] • Daily precipitation data on a 0.5 • × 0.5 • mesh over China were obtained from the National Meteorological Information Center of the China Meteorological Administration. In the present study, South China refers to the region (22 • -30 • N, 108 • -120 • E), which covers the areas of Guangdong, Guangxi, Fujian, southern parts of Hunan, and Jiangxi. Winter (December-January-February, DJF) precipitation is defined as the average precipitation in this region.
• COBE-SST2 data, provided by NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, available on a 1.0 • grid [41] and obtained from https://www.esrl.noaa.gov/psd/, were used.
•
The monthly mean winds, specific humidity, and geopotential height were provided by the NCEP-NCAR reanalysis dataset [42] , available on a 2.5 • grid and obtained from http://www. esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html.
The monthly outgoing longwave radiation (OLR) data, at a resolution of 2.5 • , was provided by NOAA's National Climatic Data Center [43] and obtained from http://www.ncdc.noaa.gov.
Atmosphere 2018, 9, 366 3 of 11
Methods
All datasets used in this study covered the period 1979-2016. The daily and monthly data obtained from different sources (described above) were summed (for precipitation) or averaged (for SST, wind and OLR) into seasonal time series. These seasonal time series were then used to calculate seasonal anomaly time series for correlation and composite analysis.
The relationships between pairs of variables were examined by correlation or composite analysis, and the statistical significance of these analyses were assessed using the two-sided Student's t-test.
El Niño Event Classification
The SST anomaly averaged over the Niño3 region of (150 • W-90 • W, 5 • S-5 • N) was taken as an ENSO index (because it is better than other indexes in the present study). An El Niño episode was defined to be the period when monthly means of SST anomalies in the Niño3 region exceeded 0.5 • C for five months or more.
The onset time of El Niño was defined as the month just before the month when the SST anomaly first exceeded 0.5 • C. Spring (summer) El Niño events initiated in a month between February and May (June and September), and the treatment of the breakpoints was as follows: If the index (≥0.5 • C) had a break of two months or more, the two events were considered discontinuous. If the index (≥0.5 • C) was interrupted for only one month, and the three-month running average of them exceeded 0.5 • C, the event was continuous; otherwise, it was considered discontinuous. (Table 1 ). Figure 1 shows that the spring (summer) El Niño events, with an average duration of 12 (6) months and an average amplitude of 1.33 • C (0.77 • C), were strong (weak) warm events of long (short) duration. Also, the maximum anomaly for both types occurred in November-January, which implies that the mature phase of El Niño events is highly phase-locked with the seasonal cycle, irrespective of the onset time [36, 37] . 
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Results

Climatic Characteristics of Winter Precipitation over South China
The winter precipitation amounts were larger than 40 mm·month −1 over South China and less than 40 mm/month over other parts of China (Figure 2a) . In the present study, we focused on South China, where the winter precipitation amount was greater than 40 mm·month −1 and accounted for more than 8% of the annual total precipitation (Figure 2b ). Anomalous winter precipitation in this region brings disastrous impacts, affecting the growth of crops and people's daily lives. The temporal evolution of the Niño3 SST anomaly and relative deviations of winter precipitation over South China during DJF 1979-2016 is shown in Figure 3 . The correlation coefficient between them was 0.60, which was significant at the 99% confidence level. It can be seen from Figure 3 
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Possible Mechanism of the Precipitation Differences between the Spring El Niño Events and the Summer El Niño Events
To understand the difference in the relationship between South China winter precipitation and the two types of El Niño events, the tropical ocean SST, atmospheric circulation and water vapor transport differences between the spring El Niño events and the summer El Niño events were explored.
3.2.1. Composite Analysis for the Influence of Tropical Ocean SST Figure 4 shows the SST anomalies in DJF (mature phase of El Niño) for spring and summer El Niño events separately, from which we can see some differences:
•
In the spring El Niño events, significant positive SST anomalies in the eastern equatorial Pacific (EEP) were larger, with the maximum anomaly located within 120 • -140 • W. In the summer El Niño events, the maximum anomaly was smaller and in the central equatorial Pacific (CEP), near the date line.
In the spring El Niño events, significant negative SST anomalies were in the western equatorial Pacific (WEP), with a maximum value of −0.5 • C. In the summer El Niño events, the negative SST anomalies covered a bigger area.
The east-west SST gradient of the Pacific was weaker in the summer El Niño events than in the spring El Niño events.
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Composite Analysis for the Atmospheric Circulation
Here, we examined how the El Niño events, which occurred in the central to eastern equatorial Pacific, covaried with the winter precipitation over South China. It was speculated that some tropical climate systems may serve as an atmospheric "bridge". We began by analyzing the tropical atmospheric variations associated with the SST anomalies. Figure 5a ,b show the anomalous horizontal winds at 700 hPa (cyclone and anticyclone indicated by 'C' and 'A', respectively) and geopotential height at 500 hPa, while Figure 5c ,d show the anomalous horizontal winds at 150 hPa. In the spring El Niño mature phase of ENSO (DJF), at 700 hPa (Figure 5a ), there were three anomalous anticyclones: One over the Philippine Sea and SCS [6, 7] , another from the southeastern side of Lake Baikal to the Japan Sea, and the third over North America. Meanwhile, there were three anomalous cyclones: One from the east of the Tibetan Plateau to the eastern coast of China, another over the North Pacific, and the third over the EEP. South China was affected by anomalous southwesterly 
Here, we examined how the El Niño events, which occurred in the central to eastern equatorial Pacific, covaried with the winter precipitation over South China. It was speculated that some tropical climate systems may serve as an atmospheric "bridge". We began by analyzing the tropical atmospheric variations associated with the SST anomalies. Figure 5a ,b show the anomalous horizontal winds at 700 hPa (cyclone and anticyclone indicated by 'C' and 'A', respectively) and geopotential height at 500 hPa, while Figure 5c ,d show the anomalous horizontal winds at 150 hPa. In the spring El Niño mature phase of ENSO (DJF), at 700 hPa (Figure 5a ), there were three anomalous anticyclones: One over the Philippine Sea and SCS [6, 7] , another from the southeastern side of Lake Baikal to the Japan Sea, and the third over North America. Meanwhile, there were three anomalous cyclones: One from the east of the Tibetan Plateau to the eastern coast of China, another over the North Pacific, and the third over the EEP. South China was affected by anomalous southwesterly winds along the eastern flank of the anomalous cyclone, together with the western flank of the anomalous anticyclone, and then the abnormal southwesterly wind was strengthened. The southwesterly wind was conducive to the transport of water vapor from the Bay of Bengal and SCS to South China, thus supplying increased moisture to South China [4, 6] . In addition, there was a significant teleconnection wave train pattern, emanating from the EEP cyclone northwards to North America with another anticyclonic center. Then, the signal was transmitted westwards, followed by the cyclone over the North Pacific, the anticyclone over the Japan Sea, the cyclone over the middle and low latitudes of East Asia, and the anticyclone over SCS and the Philippine Sea. This teleconnection pattern linked the tropical ocean SST anomaly to the Northern Hemisphere climate at the lower level. Also, this resulted in a significant anomalous westerly, which blew from the equatorial central to eastern Pacific. At 150 hPa, an anomalous cyclone was over a region from the Philippine Sea, to the SCS and to South China, and significant anomalous easterlies were observed over the CEP with two anomalous anticyclones lying to the south and north of the equator (Figure 5c ). In the summer El Niño episodes, the anomalous cyclones and anticyclones at 700 hPa were weaker, the teleconnection wave train ended at the anticyclone over the Japan Sea, and the anomalous southwesterly wind over South China weakened (Figure 5b) , which was not favorable to the transportation of water vapor. The anomalous cyclones and anomalous easterlies at 150 hPa were weaker too (Figure 5d ).
In the spring El Niño events (Figure 5a ), at 500 hPa, south of 20 • N was covered by significant positive anomalies, indicating that the subtropical high over the western Pacific was stronger and southwards. There were negative anomalies from the Okhotsk Sea to the North Pacific. In East Asia, a positive anomaly extended from Lake Baikal to the Japan Sea, indicating that the East Asian trough was weakened. In the middle and low latitudes of East Asia, there was a zonal extension of negative anomalies near 25 • N, indicating that the trough over there was strengthened. This circulation favored precipitation in South China. In the summer El Niño events (Figure 5b) , at 500 hPa, north of 50 • N was covered by negative anomalies, while positive anomalies covered the middle and low latitudes of East Asia and the subtropical high over the western Pacific was stronger and northwards. In the eastern part of China, there was a zonal extension of positive anomalies and South China was controlled by a ridge of high pressure. This circulation was not conducive to precipitation in South China.
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Thus, through the anomalous wave train pattern and meridional and zonal circulations, the signal of the EEP SST anomaly was transported to South China and stimulated a strong upward anomaly over that region. Consequently, the convective activity there was likely to have been stronger.
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1979-2016 for the spring El Niño events. Panels (b,d) show the same but for the summer El Niño events. The wind scale is shown at the bottom of the respective panels. The contour interval is 10 gpm. Shaded areas indicate statistical significance at the 95% confidence level, based on the Student's t-test.
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Composite Analysis for Water Vapor Transport
Summary and Discussion
The objective of the present study was to investigate and understand the different impacts of spring and summer El Niño events on winter precipitation over South China. Their relationships featured clear differences according to the onset time of El Niño events. Our specific findings can be summarized as follows:
Winter precipitation over South China tended to be much higher than normal for the spring El Niño events during DJF 1979-2016.
For the spring El Niño events, the Hadley cell and Walker circulation served as a bridge, linking the warmer SST in the EEP and South China winter precipitation. This physical process can be described as follows: During DJF, a positive SST anomaly in the EEP was concurrent with strong convective activity over South China via anomalous meridional circulation along the equatorial Pacific, anomalous Hadley cell along 110°-130° E, and a zonal westward teleconnection wave train pattern from the EEP, to North America, to the North Pacific, to the Japan Sea, to the middle and low latitudes of East Asia, and to SCS and the Philippine Sea at 700 hPa. In addition, an increase in the pumping effect at 200 hPa contributed to the convective activity. Meanwhile, the western Pacific subtropical high moved southwards and strengthened at 500 hPa, and abnormal southwesterly winds brought plentiful water vapor to South China at 850 hPa. The development of convective activity and the plentiful water vapor supply favored more precipitation over South China. For the summer El Niño events, a positive SST anomaly in the CEP, the change in the Hadley cell and Walker circulation were weaker, the teleconnection wave train ended in the Japan Sea, South China was controlled by a ridge of high pressure, and there was a divergence of water vapor over South China (non-significant), which resulted in a precipitation close to normal over the region.
However, it is still not clear why or how different onsets of El Niño lead to the different atmosphere circulations, thus affecting the winter precipitation in South China differently. Further physiological mechanism remains to be studied. 
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